INTRODUCTION
============

Stroke is a pervasive worldwide health care problem that is common, serious, and disabling \[[@b1-arm-2018-42-4-514]\]. Patients with stroke commonly have trunk malalignment, difficulty in maintaining balance, and asymmetry of weight distribution \[[@b2-arm-2018-42-4-514],[@b3-arm-2018-42-4-514]\]. Stroke patients show a significantly reduced ability to control their trunk compared with healthy individuals. Balance impairment in the sitting position is also a common clinical problem after a stroke. Sitting balance involves the ability to reach for objects located both within and beyond arm's length in personal daily tasks, such as showering, toileting, and dressing \[[@b4-arm-2018-42-4-514]\]. In activities of daily living, trunk performance for functional tasks is closely related to maintaining balance in the sitting position \[[@b5-arm-2018-42-4-514]\].

Intensive and repetitive practice of specific functional tasks is important for recovery after a stroke. This situation has made stroke rehabilitation a labor-intensive process; as a result, robot-assisted therapy, which has the advantage of delivering high-dose and high-intensity training, has grown rapidly \[[@b6-arm-2018-42-4-514]\]. Although intensive practice is very important to induce a therapeutic effect, patients tend to lose interest in repetitive treatments, thereby reducing treatment effectiveness \[[@b7-arm-2018-42-4-514]\]. Computer game-based biofeedback treatments were developed and applied in the rehabilitation of stroke patients to address this problem \[[@b8-arm-2018-42-4-514]-[@b10-arm-2018-42-4-514]\]. Positive results from studies involving computer game-based biofeedback systems, particularly BalPro \[[@b11-arm-2018-42-4-514]\] and Tetrax \[[@b12-arm-2018-42-4-514]\], are widely reported. Recently, many studies were conducted on robotic rehabilitation systems with video games. Most of them are focused on upper limb function, with some examining gait function. However, robotic rehabilitation combined with video games for trunk control training has rarely been investigated.

The purpose of this study is to investigate whether trunk control training (TCT) in the sitting position with a video game-based biofeedback system would improve sitting balance and the functional outcomes of chronic stroke patients. Another purpose of the study was to determine whether the effects of the training described above were influenced by the amount of treatments or treatment dose.

MATERIALS AND METHODS
=====================

Participants
------------

This retrospective study included chronic stroke patients who were hospitalized at the Department of Rehabilitation Medicine in Bundang Jesaeng General Hospital between December 2014 and May 2017. The inclusion criteria were as follows: (1) first stroke event confirmed using MRI or CT; (2) history of stroke onset of 6 months or more; (3) poor sitting balance; and (4) completion of four weeks of TCT with the Trunk Stability Rehabilitation Robot Balance Trainer (TSRRBT). The exclusion criteria were as follows: (1) age \<18 years; (2) inability to continuously perform TCT for 30 minutes; (3) communication problems; (4) presence of a neurological disease other than stroke, such as Parkinson disease, hypoxic brain injury, or diffuse axonal injury; (5) visual or vestibular system disease affecting balance; or (6) a musculoskeletal disorder, such as fracture or low back pain.

This study was approved by the Institutional Review Board of Bundang Jesaeng General Hospital (No. RM17-08).

Interventions
-------------

During the 4-week intervention period, all patients received a conventional stroke rehabilitation therapy with an additional TCT program. The conventional treatment consisted of physical and occupational therapies, including speech and language, as well as cognitive therapies, as needed. TCT was conducted once or twice daily. Through a chart review, patients who underwent 5 sessions of TCT per week were classified as the low-dose training (LDT) group, whereas those who attended 10 sessions per week were classified as the high-dose training (HDT) group.

The TCT program was conducted using TSRRBT (Man&tel, Gumi, Korea). The TSRRBT consists of a foothold, robot arm, robot chair, monitor sections, and a mechanical body frame ([Fig. 1](#f1-arm-2018-42-4-514){ref-type="fig"}). Pressure sensors were present in the foothold and chair sections. The sensors processed the patient's weight distribution, and the software translated it into a movement of the cursor on the screen. The weight shifting of the patient's torso in the anterior--posterior plane represented the vertical movement of the cursor on the monitor, whereas the weight shifting in the left--right plane represented the horizontal movement of the cursor. Patients played the games by moving the cursor on the screen. If the cursor was placed at a specific location on the monitor for several seconds (different for each game), the patient earned points. Four types of games (balloon popping, fruit catching, archery, and basketball) were included in the TSRRBT intervention ([Fig. 2](#f2-arm-2018-42-4-514){ref-type="fig"}).

The patients and the supervisor learned the TSRRBT protocol from the therapist before the intervention, and the patients proceeded with the TCT without the supervision of the therapist.

Outcome measures
----------------

The patients were evaluated before and after the 4-week intervention. We used the Trunk Impairment Scale (TIS) to assess trunk control function. The TIS consists of 3 subscales of static sitting balance (TIS-S, score ranges from 0 to 7), dynamic sitting balance (TIS-D, score ranges from 0 to 10), and trunk coordination (TIS-C, score ranges from 0 to 6). The total TIS (TIS-T) score ranges from 0 to 23 points; the higher the score, the better the balance of the trunk. The reliability, validity, measurement error, and internal consistency of the TIS for stroke patients have been reported in previous studies \[[@b5-arm-2018-42-4-514],[@b13-arm-2018-42-4-514],[@b14-arm-2018-42-4-514]\]. In addition to the TIS, the following assessment methods were also used in this study: the Berg Balance Scale (BBS), the Functional Ambulation Category (FAC), and the Korean version of the Modified Barthel Index (K-MBI) \[[@b4-arm-2018-42-4-514],[@b15-arm-2018-42-4-514]-[@b17-arm-2018-42-4-514]\].

Statistical analysis
--------------------

Data analysis was conducted with SPSS version 21.0 for Windows (IBM, Armonk, NY, USA). Descriptive statistics were performed for the collected variables of the participants. Chi-squared tests were used to compare the demographic data between groups. The Wilcoxon signed-rank test was used to compare baseline and post-intervention data within each group. Comparison of the change after intervention between the two groups was done with the Mann-Whitney U test. A p-value \<0.05 was considered statistically significant.

RESULTS
=======

Characteristics of the subjects
-------------------------------

A total of 38 patients (the male to female ratio, 14:4 in LDT and 15:5 in HDT) were included in the analysis. The mean age of all participants was 55.8±18.6 years, and the mean score on the Korean version of the Mini-Mental Status Examination (K-MMSE) was 20.3±8.1. No statistical difference was observed in the demographic data between the LDT and HDT groups. The baseline TIS (LDT and HDT: 9.7±5.5 and 9.3±5.5, respectively), BBS (25.6±11.9 and 22.9±15.7, respectively), FAC (2.0±1.1 and 1.9±1.0, respectively), and K-MBI (40.3±19.1 and 44.3±11.9, respectively) scores were not statistically different between the two groups ([Table 1](#t1-arm-2018-42-4-514){ref-type="table"}).

Functional gain after intervention within each group
----------------------------------------------------

[Table 2](#t2-arm-2018-42-4-514){ref-type="table"} shows the functional gain after the 4-week intervention. Both LDT and HDT groups showed significant improvements in their TIS (p=0.001 and p\<0.001), TISS (p=0.018 and p=0.001), TIS-D (p=0.016 and p\<0.001), TIS-C (p=0.046 and p\<0.001), BBS (p=0.001 and p=0.001), FAC (p=0.008 and p=0.033), and K-MBI (p=0.027 and p=0.001) scores after the intervention.

Comparisons between the LDT and HDT groups
------------------------------------------

The HDT group showed greater statistical improvements than the LDT group in terms of their TIS (p=0.001), TIS-S (p=0.044), TIS-D (p=0.033), and TIS-C (p=0.012) scores. Differences between the LDT and HDT groups in terms of their BBS, FAC, and K-MBI scores did not reach statistical significance ([Table 2](#t2-arm-2018-42-4-514){ref-type="table"}).

DISCUSSION
==========

The results of this study indicated that TCT with TSRRBT could be an additional treatment to the conventional rehabilitation therapy for chronic stroke patients with poor sitting balance. Furthermore, trunk control ability was more improved in high-dose TCT than in low-dose TCT.

Symmetry and steadiness are important components of balance. Symmetry is used to describe equal weight distribution, and steadiness means the ability to maintain a specific posture \[[@b18-arm-2018-42-4-514]\]. Proper control of the center of gravity and movement is required to maintain balance \[[@b19-arm-2018-42-4-514]\]. Lee et al. \[[@b20-arm-2018-42-4-514]\] suggested that weight-shift training in the sitting position with a visual biofeedback device encouraged patients' adoption of the correct posture by providing visual biofeedback, and led to low trunk sway velocity, and improved sitting balance.

Dynamic stability, the ability to move within a given posture, is also an important factor of balance \[[@b18-arm-2018-42-4-514]\]. The lower limbs play an active role in supporting the body mass during seated dynamic motion. In static sitting, over 80% of the body weight is supported through the seat and the remainder, through the feet. However, when people reach for an object over arm's length, about 50% of the body weight is supported through the feet \[[@b21-arm-2018-42-4-514]\]. Dean and Shepherd \[[@b22-arm-2018-42-4-514]\] reported that the practice of reaching in the sitting position beyond arm's length, which was accompanied by the appropriate loading of the affected leg, can improve the sitting balance in stroke patients. The ability to reach further and faster appears to be directly linked to the improved ability to use the affected leg for support and balance. Cabanas-Valdes et al. \[[@b23-arm-2018-42-4-514]\] reported that reaching training while sitting can improve trunk control.

The TCT with TSRRBT contains training protocols that can improve the crucial factors of sitting balance as mentioned above. As we expected, the TIS, BBS, FAC, and KMBI scores were significantly improved after the 4-week TCT with TSRRBT, suggesting an improvement in balance and functional outcome ([Table 2](#t2-arm-2018-42-4-514){ref-type="table"}).

The recovery plateau can be prolonged beyond six months after stroke, and an improvement in motor function can be achieved with repetitive and functional exercises with high intensity and duration \[[@b24-arm-2018-42-4-514]\]. The repetition of individual exercises is very important for recovery after stroke \[[@b25-arm-2018-42-4-514]\]. Thus, enhancing patients' motivation and compliance is also important for a successful outcome \[[@b26-arm-2018-42-4-514]\]. TSRRBT intervention is performed through a video game to attract patients' interest and provide a greater amount of repetitions in treatment. Therefore, we used TSRRBT for TCT in this study. In each training session, the patients performed a repeat weight-shift and weightbearing training exercises in the sitting position for a maximum of 280 times. On average for each session it was 150 times.

However, some additional factors should be considered. First, TSRRBT was unable to detect if the patient was performing the weight-shift training exercises appropriately or was just doing compensatory trunk movements. To address this problem, we provided the patients instructions on how to correctly perform the exercises before the treatment started. Further research may be needed to determine whether a therapist's supervision affected the outcome of the treatment. Second, some patients complained that the game was somewhat boring. Developing various types of games may be needed to maximize the patients' interest.

To investigate the effect of treatment dose on sitting balance improvement, we divided the patients into the following groups: LDT and HDT groups. After 4 weeks of intervention, the scores on the TIS and its subscales were significantly increased in the HDT group compared with the LDT group ([Table 2](#t2-arm-2018-42-4-514){ref-type="table"}). This finding suggests that TCT with TSRRBT may be dose dependent in improving patients' sitting balance. This result is consistent with previous studies \[[@b27-arm-2018-42-4-514],[@b28-arm-2018-42-4-514]\], which reported that repeated training is important to improve the functioning of chronic stroke patients.

After 4 weeks of training, notable improvements in the BBS, FAC, and K-MBI scores for both the LDT and HDT groups were also reported. The differences between the LDT and HDT groups for these measured outcomes were not statistically significant, however. This result may be due to the fact that they did not reflect the change in sitting balance as well as TIS did. BBS, FAC, and K-MBI contain items that evaluate not only sitting balance, but also other components of general functioning, such as gait and sphincter control. For example, only 1 item out of the 16 evaluation items of BBS directly assesses balance function in the sitting position. The remaining items mainly measure any position change, standing balance, and gait function. These factors may have influenced the interpretation of the intervention outcomes.

The TIS was suggested as an assessment method to evaluate trunk performance. But trunk performance was poorly reflected by the other conventional assessment methods, such as BBS or FAC. Verheyden et al. \[[@b5-arm-2018-42-4-514]\] suggested that the total TIS score and each of the three subscale scores had sufficient reliability and validity in clinical assessment. Our study was targeted to patients with poor sitting balance (baseline TIS score of all patients, 9.5±5.4), so TIS could be used as an appropriate tool to measure sitting balance improvement. Therefore, we were able to confirm the dose dependency of TSRRBT intervention through the TIS scores.

During the 4-week intervention period, serious adverse events, such as falls and fractures, did not occur. However, two patients complained of temporary low back pain during a TSRRBT session. In these cases, training was continued only after correcting the training posture and reducing the pain.

This study also has limitations. First, it had no control group that did not receive TSRRBT training; thus, evaluating the effectiveness of conventional physical therapy was difficult. Nevertheless, TCT with TSRRBT may be presumed to have a positive effect on improving trunk control ability on the basis of the high scores obtained by the HDT group compared with the LDT group. Second, the natural recovery process for a stroke might have affected the outcome. To minimize such effects in this study, we only included chronic stroke patients. Third, the sample size was small, and the study population was limited to stroke patients from a single center. Thus, generalizing the results of this study is difficult. Future research should conduct studies with a larger number of patients, including acute, subacute, and chronic stroke patients. In addition to these limitations others included: (1) the lack of a long-term follow-up of the treatment effect; (2) the assessors who were not blinded; and (3) the lack of a measure of the outcomes' effect size.

In conclusion, TCT using TSRRBT could be an additional treatment for the conventional rehabilitation therapy of chronic stroke patients with poor sitting balance. HDT may provide more beneficial effects on improving patients' sitting balance than LDT did.
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![(A, B) Trunk Stability Rehabilitation Robot Balance Trainer (Man&tel, Gumi, Korea).](arm-2018-42-4-514f1){#f1-arm-2018-42-4-514}

![(A) Balloon-popping game by moving the center of pressure (left/right). (B) Fruit-catching game by moving the hand icon according to the movement of the center of pressure (left/right and anterior/posterior). (C) Bull's eye matching game by moving the center of pressure, followed by extending the patient's arm beyond arm's length. (D) Basketball game by sit-to-stand movement assisted by chair section of the Trunk Stability Rehabilitation Robot Balance Trainer.](arm-2018-42-4-514f2){#f2-arm-2018-42-4-514}

###### 

Demographic data of subjects

  Variable                       LDT group (n=18)   HDT group (n=20)
  ------------------------------ ------------------ ------------------
  Sex                                               
   Male                          14                 15
   Female                        4                  5
  Age (yr)                       57.6±17.3          54.2±20.0
  Type of stroke                                    
   Hemorrhagic (M:F)             12 (10:2)          13 (12:1)
   Ischemic (M:F)                6 (4:2)            7 (3:4)
  Location of lesion                                
   Supratentorial (M:F)          16 (12:4)          18 (13:5)
   Infratentorial (M:F)          2 (2:0)            2 (2:0)
  Duration (mo)                  8.3±9.6            9.7±8.4
  K-MMSE                         20.3±8.4           20.3±8.2
  TIS-total                      9.7±5.5            9.3±5.5
   TIS-static sitting balance    4.8±1.9            4.7±1.9
   TIS-dynamic sitting balance   2.7±3.1            2.9±2.8
   TIS-trunk coordination        2.2±1.7            1.7±1.7
  BBS                            25.6±11.9          22.9±15.7
  FAC                            2.0±1.1            1.9±1.0
  K-MBI                          40.3±19.1          44.3±11.9

Values are presented as number or means±standard deviation.

M, male; F, female; K-MMSE, Korean version of the Mini-Mental Status Examination; TIS, Trunk Impairment Scale; BBS, Berg Balance Scale; FAC, Functional Ambulatory Classification; K-MBI, Korean version of Modified Barthel Index.

###### 

Comparison of therapeutic effects between LDT and HDT groups

                   LDT group   HDT group   p-value (LDT vs. HDT)                                                                                                                           
  ---------------- ----------- ----------- ----------------------------------------------------------- ----------- ----------- ----------------------------------------------------------- -------------------------------------------------------------
  TIS (score)      9.7±5.5     12.5±5.3    0.001^[\*](#tfn1-arm-2018-42-4-514){ref-type="table-fn"}^   9.3±5.5     15.3±4.1    0.000^[\*](#tfn1-arm-2018-42-4-514){ref-type="table-fn"}^   0.001^[\*\*](#tfn2-arm-2018-42-4-514){ref-type="table-fn"}^
   TIS-S           4.8±1.9     5.5±1.7     0.018^[\*](#tfn1-arm-2018-42-4-514){ref-type="table-fn"}^   4.7±1.9     6.5±0.9     0.001^[\*](#tfn1-arm-2018-42-4-514){ref-type="table-fn"}^   0.044^[\*\*](#tfn2-arm-2018-42-4-514){ref-type="table-fn"}^
   TIS-D           2.7±3.1     4.2±3.3     0.016^[\*](#tfn1-arm-2018-42-4-514){ref-type="table-fn"}^   2.9±2.8     5.5±2.6     0.000^[\*](#tfn1-arm-2018-42-4-514){ref-type="table-fn"}^   0.033^[\*\*](#tfn2-arm-2018-42-4-514){ref-type="table-fn"}^
   TIS-C           2.2±1.7     2.8±1.8     0.046^[\*](#tfn1-arm-2018-42-4-514){ref-type="table-fn"}^   1.7±1.7     3.5±1.4     0.000^[\*](#tfn1-arm-2018-42-4-514){ref-type="table-fn"}^   0.012^[\*\*](#tfn2-arm-2018-42-4-514){ref-type="table-fn"}^
  BBS (score)      25.6±11.9   32.6±12.2   0.001^[\*](#tfn1-arm-2018-42-4-514){ref-type="table-fn"}^   22.9±15.7   28.1±16.7   0.001^[\*](#tfn1-arm-2018-42-4-514){ref-type="table-fn"}^   0.251
  FAC (category)   2.0±1.1     2.7±1.1     0.008^[\*](#tfn1-arm-2018-42-4-514){ref-type="table-fn"}^   1.9±1.0     2.4±0.9     0.033^[\*](#tfn1-arm-2018-42-4-514){ref-type="table-fn"}^   0.393
  K-MBI (score)    40.3±19.1   51.4±20.7   0.027^[\*](#tfn1-arm-2018-42-4-514){ref-type="table-fn"}^   44.3±11.9   57.0±14.5   0.001^[\*](#tfn1-arm-2018-42-4-514){ref-type="table-fn"}^   0.654

Values are presented as means±standard deviation.

LDT, low-dose training; HDT, high-dose training; TIS, Trunk Impairment Scale; TIS-S, static sitting balance subscale of TIS; TIS-D, dynamic sitting balance subscale of TIS; TIS-C, trunk coordination subscale of TIS; BBS, Berg Balance Scale; FAC, Functional Ambulatory Classification; K-MBI, Korean version of Modified Barthel Index.

p\<0.05, significant difference pre-training vs. post-training in a group.

p\<0.05, significant difference between groups.
